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This paper presents a search for narrow diboson resonances in the semileptonic decay channel $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s}=8$$\end{document}$ TeV at the Large Hadron Collider (LHC). This type of resonances appear in models such as Technicolor \[[@CR1]--[@CR3]\], Warped Extra Dimensions \[[@CR4]--[@CR6]\], and Grand Unified Theories \[[@CR7]--[@CR10]\]. The semileptonic decay channel has a relatively large branching ratio compared to the fully leptonic mode, while the requirement of the presence of two decay leptons can suppress the multijet background present in the fully hadronic mode. Additionally, the absence of neutrinos in the final state allows to reconstruct the invariant mass of the diboson system.

This analysis is optimized using two models with narrow resonances as benchmarks: spin-2 Kaluza--Klein (KK) gravitons ($\documentclass[12pt]{minimal}
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The KK graviton interpretation is based on an extended Randall--Sundrum (RS) model with a warped extra dimension in which the Standard Model (SM) fields can propagate \[[@CR12]\]. This extended "bulk" RS model avoids constraints on the original RS model \[[@CR4]\], referred to as RS1 hereafter, from limits on flavour-changing neutral currents and from electroweak precision tests. The bulk RS model is characterized by a dimensionless coupling constant $\documentclass[12pt]{minimal}
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Object and event selection {#Sec5}
--------------------------

Electron candidates are selected from energy clusters in the electromagnetic calorimeter according to the medium criteria of Ref. \[[@CR49]\], which impose requirements on the shower profile and demand an associated ID track. Offline reconstructed electrons are required to have $\documentclass[12pt]{minimal}
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Muon candidates are reconstructed by combining ID and MS tracks which have consistent position, charge and momentum measurements \[[@CR50]\]. The muon candidates are required to have $\documentclass[12pt]{minimal}
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Events which contain exactly two electrons or muons satisfying the above criteria are selected if at least one is associated with a lepton trigger candidate. To select lepton pairs originating from a $\documentclass[12pt]{minimal}
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The three selection regions are differentiated by the $\documentclass[12pt]{minimal}
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Background and event yield {#Sec6}
--------------------------
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The event yield in the three signal regions is summarized in Table [2](#Tab2){ref-type="table"}. The total event yield with combined statistical and systematic uncertainties is given before and after the simultaneous fit to the three signal regions (cf. Sect. [3](#Sec8){ref-type="sec"}).

Systematic uncertainties {#Sec7}
------------------------

The main systematic uncertainty on the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {\ell \ell }J$$\end{document}$ mass distributions in the data and for background after all the selection cuts are applied in the three kinematic regions referred to as the LR (*top*), HR (*middle*) and MR (*bottom*) in the text. The shaded regions show the full background uncertainty obtained by adding statistical and systematic uncertainties in quadrature, including the constraints on the background from the data control regions and before the fit to the data in the signal regions (cf. unconstrained case in Table [2](#Tab2){ref-type="table"}). Also shown are the $\documentclass[12pt]{minimal}
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Uncertainties on signal acceptance due to PDF sets, renormalization and factorization scale choices, initial- and final-state gluon radiation (ISR/FSR) modelling, and LHC beam energy uncertainty are also considered. The PDF uncertainties are estimated by taking the acceptance difference between CTEQL1 and MSTW2008LO PDFs and adding it in quadrature to the difference between MSTW2008LO error sets. The uncertainties due to the scale and ISR/FSR modelling are estimated by varying relevant parameters in [Pythia]{.smallcaps} 8 by a factor of 2.0 and 0.5. The beam energy systematic uncertainty is assessed with simulation by varying the beam energy within the measured uncertainty of 0.66 % \[[@CR58]\], leading to at most a 1 % effect on acceptance. The dominant uncertainty comes from ISR/FSR modelling and is approximately 5 %.

Results {#Sec8}
=======

The invariant mass of the diboson system is reconstructed from the $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p$$\end{document}$ value[2](#Fn2){ref-type="fn"} ranging from 0.98 to 0.10, and the results are presented as 95 % confidence level upper limits on the production cross section times branching ratio for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$G^{*}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$W^\prime $$\end{document}$ models. The upper limits are determined using the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$CL_S$$\end{document}$ modified frequentist formalism \[[@CR59]\] with a profile likelihood test statistic \[[@CR60]\]. The test statistic is evaluated with a maximum likelihood fit of signal models and background predictions to the reconstructed $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\ell \ell jj/J}$$\end{document}$ spectra shown in Fig. [1](#Fig1){ref-type="fig"}. Systematic uncertainties and their correlations are taken into account as nuisance parameters with Gaussian constraints. The likelihood fit, which takes into account correlations between the systematic uncertainties, is performed for signal pole masses ranging between 300 and 850 GeV for the LR, 550 and 1800 GeV for the HR and 800 and 2000 GeV for the MR. Overlapping regions are fit simultaneously.

Figure [2](#Fig2){ref-type="fig"} shows 95 % CL upper limits on the production cross section times branching fraction into $\documentclass[12pt]{minimal}
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Conclusion {#Sec9}
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ATLAS uses a right-handed coordinate system with the $\documentclass[12pt]{minimal}
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                \begin{document}$$p$$\end{document}$ value is the probability that the background can produce a fluctuation greater than or equal to the excess observed in data.
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